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The Space-based multi-band astronomical Variable Object Monitor (SVOM) is a future satellite 
mission for Gamma-Ray Burst (GRB) studies, developed in cooperation between the Chinese Na- 
tional Space Agency (CNSA), the Chinese Academy of Science (CAS), the French Space Agency 
(CNES) and French research institutes. The scientific objectives of the SVOM GRB studies cover 
their classification (GRB diversity and unity of the model), their physics (particle acceleration 
and radiation mechanisms), their progenitors, cosmological studies (host galaxies, star formation 
history, re-ionization, cosmological parameters), and fundamental physics (origin of cosmic rays, 
Lorentz invariance, gravitational wave sources). From 2015 on, SVOM will provide fast and accu- 
rate localizations of all known types of GRB, and determine the temporal and spectral properties 
of the GRB emission, thanks to a set of four onboard instruments. The trigger system of the 
coded-mask telescope ECLAIRs onboard SVOM images the sky in the 4-120 keV energy range, 
in order to detect and localize GRB in its 2 sr-wide field of view. The low-energy threshold of 
ECLAIRs is well suited for the detection of highly red-shifted GRB. The high-energy coverage is 
extended up to 5 MeV thanks to a non-imaging gamma-ray spectrometer. GRB alerts are sent in 
real-time to the ground observers community, and a spacecraft slew is performed in order to place 
the GRB within the narrow fields of view of a soft X-ray telescope and a visible-band telescope, 
to refine the GRB position and study its early afterglow. Ground-based robotic telescopes and 
wide-angle cameras complement the onboard instruments. A large fraction of GRB will have 
redshift determinations, thanks to an observing strategy optimized to facilitate follow-up obser- 
vations by large ground-based spectroscopic telescopes. This paper presents an overview of the 
SVOM mission, its instruments and status. 
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1. Introduction 



Forty years after its discovery, the Gamma-Ray Burst (GRB) phenomenon is not yet com- 
pletely understood [1]. The cosmological nature of these transient sources of gamma-rays has been 
established, and their association with explosions of massive stars (>30 M©) is a scenario that re- 
produces most observations, at least for long duration GRB. They have been detected up to redshift 
8.2 [2], with the possibility to investigate the early Universe (star formation history, re-ionization 
era), and to derive cosmological parameters. Conversely for short duration GRB, mostly described 
by coalescences of two compact objects (black holes, neutron stars or white dwarfs), the situation 
is less consensual and lacks a good sample of afterglow observations. Open questions concern the 
physical processes during the prompt phase (particle acceleration, radiation), the GRB classifica- 
tion, the characterization of GRB host galaxies and progenitors, as well as fundamental physics 
issues like Lorentz invariance, the origin of cosmic rays and gravitational waves. 
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Figure 1: Left: sketch of a possible SVOM implementation, with the four instruments : ECLAIRs (green), 
MXT (blue), VT (red) and two GRM modules (purple). Right: SVOM multi- wavelength coverage. 

In order to contribute to the field of GRB research, the French Space Agency (CNES), the 
Chinese Space Agency (CNSA) and research laboratories from both countries are developing the 
SVOM mission (Space-based multi-band astronomical Variable Object Monitor). SVOM has suc- 
cessfully concluded its feasibility study (phase A) in 2008, and is expected to start its detailed 
design (phase B) in 2010, for a launch in 2015, on a circular orbit with an inclination of ^30° and 
altitude of ^600 km. Fig. 1 shows a sketch of the SVOM satellite, which carries four instruments: 
(i) ECLAIRs (a coded-mask wide-field telescope for GRB real-time localizations to few arcmin), 
(ii) two GRM modules (non-imaging y-ray spectrometers), and two narrow-field instruments, (iii) 
MXT and (iv) VT, with few arcsec-level localizations, for the study of the GRB early afterglow in 
X-ray and visible bands. For this purpose, a GRB detection within the ECLAIRs wide field-of-view 
initiates an autonomous satellite slew to place the source in the narrow fields-of-view of the MXT 
and VT. The 5yOM pointing strategy [3] avoids bright galactic X-ray sources; it is optimized for 
GRB detections towards the night sky on Earth, to enhance follow-up possibilities by large ground- 
based telescopes, with a goal of 75% of GRB observable from ground during the early afterglow 
phase, at an expense of a mean ^27%-occultation of the ECLAIRs field-of-view by the Earth. 

The space-based instruments of the SVOM mission are complemented by ground-based tele- 
scopes: (i) GWAC, wide-field visible-band cameras covering a large portion of the ECLAIRs 
field-of-view (based in China and following the ECLAIRs pointings) to catch the GRB prompt 
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visible-band emission, and (ii) GFT, two robotic telescopes (one based in China and one provided 
by France) which measure the photometric properties of the early afterglow from the near-infrared 
to the visible band, and refine the on-board GRB position. Fig. 1 summarizes the multi- wavelength 
capabilities of SVOM. The following sections give details on the mission and its instruments. 

2. Space-based instruments 

ECLAIRs ECLAIRs [5, 6] is a coded-mask telescope (project lead by CEA Saclay) operating in 
the 4-250 keV energy range (CXG), coupled with a real-time data-processing system (UTS, see 
below). The CXG has a ^2 sr field-of-view, and a fair localization accuracy (^10 arcmin error ra- 
dius at 90% C.L. for faint sources, a few arcmin for the brightest ones). Its detector plane consists 
of 80x 80 CdTe pixels. A new generation readout electronics (developed at CEA Saclay), a careful 
pixel selection and an optimized hybridization (by CESR Toulouse) allow to lower the detection 
threshold (from 15 keV reached by previous CdTe detectors) down to ^4 keV. Thus the CXG, in 
spite of its rather small geometrical area (1024 cm^), is more sensitive to GRB with soft spectra (po- 
tentially the most distant ones) than currently flying telescopes. Fig. 2 sketches the CXG telescope 
and shows its predicted sensitivity as a function of the GRB peak energy. The ECLAIRs telescope 
is expected to localize about 70 GRB per year, taking into account the deadtime induced by the 
passages of the Southern Atlantic Anomaly (a region with increased particle-induced background) 
and the Earth in the CXG field-of-view. 
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Figure 2: Left: CXG mechanical sketch with the coded mask on the top, the passive lateral shielding in 
orange, and the detector electronics at the bottom. Right: ECLAIRs/CXG sensitivity compared to previous 
instruments, as a function of the GRB peak energy for a 5.5 cr detection, assuming a Band [4] spectrum. 



ECLAIRs scientific trigger unit (UTS) The UTS (Unite de Traitement Scientifique, developed 
at CEA Saclay) analyzes the ECLAIRs/CXG data stream in real-time to detect and localize GRB 
occurring within its field-of-view. It implements two simultaneous triggering algorithms [7] : (i) 
one based on the detection of excesses in the detector count-rate followed by imaging as trigger 
confirmation and localization, and (ii) one performing imaging on a recurrent time-base (better 
suited for long, slowly rising GRB). After GRB detection, its position is quickly sent via a VHF 
antenna to ground-receiver stations placed under the satellite track. The GRB position is also 
transmitted to the platform for an autonomous satellite slew (within five minutes) in order to bring 
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the GRB in the narrow fields-of-view of the onboard MXT and VT telescopes. The UTS builds 
(from the data-streams of CXG and GRM, see below) and sends to ground (via VHF) additional 
GRB information (lightcurves and subimages), which provide additional real-time information on 
the trigger quality and the GRB spectral and temporal characteristics. 

GRM The Gamma-Ray Monitor (GRM, developed at IHEP Beijing) on board SVOM is com- 
posed of two detector modules, each made of Nal/Csl active layers (280 cm^ area) and a collimator 
for background reduction and field-of-view restriction to the one of the CXG. Fig. 3 shows a sketch 
of a GRM module and the combined CXG/GRM sensitivity. The GRM does not provide imaging 
capability, but extends the GRM spectral coverage into the MeV range, such that every SVOM GRB 
will have a good ECLAIRs localization and a good ECLAIRs/GRM spectrum. This is very impor- 
tant in order to determine the GRB gamma-ray spectral characteristics, a key input for modeling 
the GRB's prompt radiative processes and its usage for cosmological studies. 
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Figure 3: Left: one GRM module. Right: combined GRM (two modules) and ECLAIRs on axis sensitivity 
(1 s integration time, 5 a detection). A Band spectrum (a=-l, j3=-2.5, £"0=100 keV, and F5o-3ooy^eV=l 
photon cm~^ s~^) is overplotted for comparison. 



MXT The MicroChannel X-ray Telescope (MXT) for GRB X-ray afterglow observations is a 
focusing X-ray telescope, using a double microchannel-plate (MCP) reflecting optic. It is built by 
French laboratories and the University of Leicester, and is inherited from MIXS-T, an instrument 
to be flown on the ESA Mercury mission Bepi-Colombo [10]. The MXT has a 1 m-focal length, 
an effective area of ^50 cm^ (at 1 keV), and a field-of-view of 1° (which covers the full ECLAIRs 
GRB localization-error circle) such that after any satellite slew the GRB position will be observable 
by the MXT. The MXT employs a compact, low-noise, and fast read-out CCD camera, sensitive in 
the 0.3-5 keV energy range. Fig. 4 shows a MXT simulation using a GRB light-curve acquired 
by Swift/XRT. A study shows that virtually all Swift/XRT GRB X-ray afterglows are detectable by 
the MXT during the first hours, at least half of the GRB for which a slew is performed promptly 
will be localized with better than ^20 arcsec accuracy by the MXT within 5 minutes. 

VT The Visible Telescope (VT, from NAOC Beijing) improves GRB localizations to sub-arcsecond 
precision through optical afterglow observations, provides a uniform sample of detected optical af- 
terglow light-curves, and allows to select optically dark GRB and high-redshift GRB candidates 
(z>4). The VT field-of-view of 21 x 21 arcmin is adapted to the ECLAIRs/CXG error-box and its 
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Figure 4: Left: The MXT optic module produced by assembling arrays of MicroChannel plates. Right; 
Predicted MXT observations compared to Swift/XRT measurements for the median brightness GRB 050730 
(MXT background effect not included). 
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Figure 5: Right: predicted visible-band sensitivity comparison between VT (left) and UVOT (in 1000 s). 

CCD images of 2048 x 2048 pixels ensure sub-arcsecond source localizations in two spectral bands 
which allow to select high-redshift GRB candidates (the bands above/below 650 nm correspond to 
z^4-4.5, using Lya absorption as redshift indicator). The VT provides a limiting magnitude of My 
= 23 (5(7, 300 s exposure), a significant sensitivity improvement over current follow-up telescopes 
(see Fig. 5), and expects to detect ^70% of GRB for which a slew is performed. 



3. Ground segment and dedicated ground-based telescopes 

The SVOM ground segment comprises X- and S-band antennas (for data and housekeeping 
telemetry download), a mission operation center (in China), two science centers (Chinese and 
French, in charge of the scientific payload operations and monitoring), and the VHF alert network, 
which uses receiver stations distributed under the satellite track for continuous alert reception ca- 
pabilities. The alerts contain information on refined GRB positions, sent to ground in real-time 
and GRB quality indicators (light-curves, images). The VHF network is directly connected to the 
French science center [12], which dispatches the alerts to the scientific community through the 
Internet (GCN, VO Events, SVOM web page). The first alerts, with the ECLAIRs/UTS locaHza- 
tion, are expected to reach the recipients one minute after the position has been computed onboard. 
The following alerts, with the X-ray afterglow position, and possibly the optical position computed 
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from VT data, will be available after satellite slew, within 10 min. In case a refined (sub-arcsec) 
position is available from the GFTs or GWACs (see below), it is also distributed as soon as avail- 
able. The real-time ECLAIRs pointing direction will be available in the SVOM web page, in order 
to allow robotic telescope pre-positioning to minimize their slew time. 

GWAC The Ground-based Wide-Angle Camera array (GWAC, from NAOC Beijing) perma- 
nently observes a portion of ^8000 deg^ of the ECLAIRs field-of-view, to search for the prompt 
visible emission of more than 20% of the SVOM GRB, down to a 5(7 limiting magnitude My = 15 
(for a 15 s exposure) during full moon nights. About 128 camera modules are used, each with an 
aperture size of 15 cm, a 2048x2048 pixels CCD and a field-of-view of 60 deg^. 

GFT Two Ground Follow-up Telescopes (GET) automatically position their ^30 arcmin field- 
of-view to GRB alert positions. In case of an optical counterpart detection, they improve the GRB 
localization accuracy down to 0.5 arcsec. Both French and Chinese GFT use multi-band optical 
cameras, and the French GFT has additional near infra-red capabilities. The telescope sites are 
located in tropical zones, at longitudes separated by 120° in order to reach a 40% GRB follow-up 
capability. Low-significance alerts, considered not reliable enough to be distributed to the whole 
community, are also followed by those 5yOM-dedicated telescopes. 

4. Conclusions 

The future 5yOM mission, equipped with instruments for GRB triggering and prompt-emission 
studies (ECLAIRs, GRM, GWAC) and early-afterglow follow-up telescopes (MXT, VT, GFT), will 
provide quick GRB characterizations (accurate positions, spectra, and photometric redshift deter- 
minations by Lyman-alpha absorption), and multi-wavelength (X-ray and visible) follow-up of 
40% of the GRB up to 10 ks after the trigger, which allows to measure the GRB spectral energy 
distribution during the transition between its prompt to afterglow phase. 
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